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ABSTRACT

There is concern that fishing methods used in the eastern tropaifad FETP) tuna
purse-seine fishery may causeg/giblogical stress to the dolphin speciesined. A
workshopto discusgotentialmethodof measuringishery-inducedtresson dolphinsin
the ETP vas held by the Southwest Fisheries Science Center in La Jolla, California on
July 9-11, 1997. The primary goal of thenkshop vas to identify psiological and
morphological indices that can be used to reliably indicate thetebf stress in free-
ranging dolphins wolved in the tuna fisheryBackground information presented at the
workshopis includedin this reportasa descriptionof the maincharacteristicsef thetuna-
dolphinfisheryandthe dolphinspeciesnvolved,andadiscussiorof whatis known about
the current status of dolphin stocks. Some logistical consideratigarslireg sample col-
lectionfrom dolphinsinvolvedin thetunapurse-seindésheryareincluded. We introduce
theconcepbf stressandour ability to identify andmeasurestressn mammalsandbriefly
review recentadwvancesn stresgesearch We alsosummarizearticipantpresentationsn
physiological stress and clinical indices of stress in cetaceans and domestic animals.
Threetypesof investigationsthatmay provide dataon the physiologicalstresgesponsén
dolphins ivolved in the tuna purse-seine fishery are outlined. These include: 1) a
NecropsyProgramo examinetissuedrom dolphinskilled duringfishingoperations2) a
Repeated Chase/Capture study designed to analyze blood chemistry of samples collected
from live dolphins during a ggme of repeated chase and encirclement, and 3) Historical
Analysis &&amining specimens and data\poeisly collected from dolphinswolved in
the tuna purse-seine fishery



INTRODUCTION

TheDeclaratiorof Panamaa 1995agreemenmegotiatedbetweerthe United Statesand
eleven other fishing nations, is one o¥erl recent dbrts to reduce dolphin mortality in
theeasterrtropical Pacific OceanETP)tunapurse-seinéishery Theagreemenimposes
a total mortality limit of 5,000 dolphins per yeand intends that all countries will &k
steps to eliminate mortality entirelyhe International Dolphin Consation Program
(IDCP) Act, a 1997 amendment to the Marine Mammal Protection At ,cneated to
implement the agreement by allimg the importation of currently emiggred yellavfin
tuna into the United States. The&vlancludes pruisions that could alle tuna caught by
the intentional encirclement of dolphins with a purse-seine net in the ETP to be declared
“dolphin safe” if no dolphins are obseyto be killed or seriously injured in that set.

There is concern, kiever, that fishing methods used by the ETP tuna-dolphin purse-
seine fishery may cause stress to dolphins, and that such stressyenag bhderse
impact on reproduction or suval of these animals. As a result, the IDCP Act requires
thatresearchgonsistingof populationabundancesureys (seeGerrodettestal., 1998)and
“stress studie’spe conducted by the National Marine Fisheries Service (NMFS) to deter-
minewhetherthe“intentionaldeploymenton, or encirclemenbf, dolphinsby purse-seine
netsis having asignificantadverseimpacton ary depleteddolphinstock’ Initial findings,
based on preliminary results of the research program, are to be made by March of 1999,
with final conclusions and recommendations reported to congress by the year 2002.

To begin planningfor this researchaworkshopto discusgotentialmethodsof measur-
ing fishery-inducedtresson dolphinsin the ETPwasheldby the SouthwesFisheriesSci-
ence Center (SWFSC) in La Jolla, California on July 9-11, 1997. The main wigeufti
the workshop were to summarize the current state of research on stress in non-human
mammalsandto determinghe mostappropriatdechniqueso investigatethe potentialfor
fishery-inducegbhysiologicalstresgesponsén ETPdolphins. Our specificgoalswereto
identify physiological and morphological indices that can be practically measured to
guantify the dkcts of stress in these dolphingartitipants in the wrkshop included et-
erinarians specializing in marine mammals, as welkpsrs on stress ghiology, ener-
getics, pathologyreproductre endocrinologyand the ETP tuna purse-seine fishery
(Appendix 1).

This report summarizes recommendations of the&kshop participants and contains
preliminary plans for three specific research projects.

ARRANGEMENTS FOR THE VORKSHOP

Edwards chaired the avkshop, which \as conened by Edwards and Curty The
agenda appears in Appendix 2, background papers are listed in Appendix 3.

Severalof the participantgjave presentationduringthe meeting(seeAppendix2), and
ensuing discussions were, in paagifitated by a document outlining detailed questions
relevant to the objectes of the wrkshop (Appendix 4).



BACKGROUND

Backgroundnformationwaspresentet theworkshopto familiarizeparticipantswith
generakharacteristicef the ETP purse-seinéishery Discussiorof backgroundnaterial
allowed participants to assess the opportunities and constraints inherent to designing an
investication of the potential for fishery-induced stress on the populaticolvéd. The
history of the tuna-dolphin fishery and general poirganging fishing methods were
briefly reviewed.

Thetunaindustryhasusedthe associatiorbetweertunaanddolphinsto fishin the east-
erntropicalPacific for nearlyfive decades.Theassociatioroccursfrequentlyenoughthat
sightingsof thesedolphinsareusedby fishermerasa signalthattunamaybepresentand
purse-seine nets are often set on dolphin schools as a means of catching tuna (Perrin,
1969). Pantropicalspotted Stenellaattenuataspinner S.longirostris andcommon Del-
phinus delphisdolphins are the species most often found in association with tuna (pre-
dominately yellevfin, Thunnus albacas Hammond, 1981; Au and Pitman, 1988). The
reason for the bond, and the ratatimportance of it, for either dolphins or tuna, is not
known (Hammond, 1981;ui see Au and Pitman, 1986; Au 1991; ades, 1992).

DOLPHINS INVOLVED IN THE ETP TUM PURSE-SEINE FISHER

Edwards presented background information on the primary dolphin species and stocks
involved in the ETP tuna fishery (see Peatral, 1985; Perriret al, 1991; Dizonget al,
1994). Of the dolphin species most frequentlgesed (pantropical spotted, spinnend
commondolphins)threemajorstocksarecommonlyaffected. Thesearethenortheastern
spotted dolphin, and the eastern and whitebelly spinner dolphin stocks (Smith, 1983;
Wade and Gerrodette, 1993a@é, 1995). The northeastern spotted dolphin is thettar
of approximately 85% of all sets on dolphins. Spotted dolphins occur mostly in single-
specieschoolshut asignificantfractionof schoolsalsoincludeeasterrspinnerdolphins.

Estimated Mortality

Historically, levelsof dolphinmortality in purse-sein@etswereextremelyhigh (Smith,
1983;Lo andSmith,1986;Wade,1995). Wade(1995)estimatedhat4.9 million dolphins
werekilled by the purse-seinéisheryover afourteenyearperiod(1959-1972).Mortality
decreased gradually because of measures such as the Marine Mammal Protection Act
(1972)anduseof equipmentesignedo preventdolphinentanglemenh purse-seinaets
(Barhametal., 1977). Despitethesechangesgolphinmortality continuedo occuratlev-
elsthatwereprobablyhigherthanthe stocksimpactedby thefisherycouldsustainWade,
1995).

Since 1992, dolphin mortality in the fishery has significantly decreasedwothde-
sand animals per year (Hall and Lennert, 1993, 1994, 1997; Lennert and Hall, 1995,
1996). A number of slative measures, including US emgpaes and the aéwnt of the
“dolphin-safe” polig, caused changes in the fishery and mortalag greatly decreased
(seeJoseph1994). Wade(1995)concludedhatthesdow levelsof mortality couldallow
recovery andgrowth of theimpactedstocks. Total obserned mortality for 1996was2,547
dolphins(LennertandHall, 1997)andthe preliminaryestimatefor 1997is approximately
3,000 dolphins (InteAmerican Topical Tuna Association, IATC, 1997).




Status of Dolphin Stocks

Gerrodette praded information on the population status of pantropical spotted and
spinner dolphins in the ETP (seatl¢ and Gerrodette, 1993a@¢, 1993). \Ade and
Gerrodette (1993) estimated 730,000 northeastéshak spotted dolphins, 630,000
eastern spinner dolphins, and 1,000,000 whitebelly spinner dolphins in theN&de
(1993,1994)determinedhatthe offshorespottedandeasterrspinnerdolphinstockswere
depleted as defined by the Marine Mammal Protection Act. Since 1975utidaabes
of offshore spotted and eastern spinner dolphin stocks dygparently been relegily sta-
ble. Since about 1992, thelatnlance of these stocks should be increasing because of the
low mortality in thepurse-seinéishery Gerrodettenotedthatthecurrentobseredfishery
mortality should hee a ngligible efect in terms of population dynamics. \Mever, Ger-
rodette cautioned thatatle's (1994; and seeadé, 1998) model estimating population
sizeof thesedolphinswasbasediponperturbatiorfrom mortality andpopulationdensity
but does not estimate possibléeets of fishery-induced stress.

ETP TUNA PURSE-SEINE FISHER

Edwards reiewed specific elements of the methodsimed in tuna-dolphin purse-
seining. The fishery tgets yellovfin and skipjack Katsuwanus pelamig% of annual
catch)tuna. Therearethreetypesof sets: 1) dolphinsets, 2) schoolfishsetsand3) log
sets. The yellfin tuna knevn to associate with dolphins are typically 2-4 years old and
about80-125cmtotal length. Tunacaughtin schoolfishandlog setsaregenerallysmaller

Oceanographic Location and Seasonal Influences

Theyellowfin fisheryoperateslongthe coastof CentralandSouthAmericafrom Baja
California to approximately 20°N, and se&d to approximately 150°V¢outh of Havaii
(Figure 1).

Althoughthereis fishingeffort throughoutheyear thereis significantspatial,seasonal,
and interannualariability of oceanographic conditions (Rejly994). Distrilntion of
tuna and dolphins, and amount of tuna catch, crederetitces in ébrt among rgions
within the fishing grounds.

Scott introduced a discussion of the use of life history parameters to assess changes in
population status due to fishemypdoitation. Chvers and Myrick (1993)xamined life
history parameters for twexploited spotted dolphin stocks and found mmence of
expected compensatory changes in response to decreasasndiamde. Ckers and
DeMaster(1994),however, useda largerdatasetto investicatelife history parametersor
three dolphin specie$( attenuataS. longiostris andD. delphig in the ETP and found
thatcompensatorynechanismslid appeato beoperatingn responsé¢o changesn popu-
lation density Chivers and DeMaster (1994) concluded that life history data can be used
as biological indices to distinguish between a population responding to change-n ab
dance due to fisherxploitation, and changes in carrying capacity when relationships
betweerlife historyparameterandpopulationstatusareknown. Investicationof life his-
tory parameters for ETP dolphin stocks mayvpte information rgarding the relatie
effects of plysiological stress and mortality in these populations. Scott suggested that it
may be necessary to include estimates of fishifogteb accurately assess the biological




impacton populationgnvolved. It mustbenotedthatin orderto detectchangesn life his-
tory parameters, lge sample sizes will be required.

Composition of Fleet

Duringthelate 1990's the purse-seinéleetin the ETP hasincludedapproximatelyl00-
120 essels. About 50% 1@ been Mgican \essels, the remaindenieabeen from a
number of other nations (about six U&ssels currently participate in the fleet; under US
law it is illegal for these ®ssels to fish on dolphins).

Obsener Program

In 1972 the NMFS lgan a tuna/porpoise obsenprogram to monitor USegsels by
collectingdataondolphinsandtheirassociationvith theETPfishery In 1979,thelATTC
initiated a similar obseer program for the international fleet. By 1995 th€T& had
assumedull responsibilityfor placingobserersonall US vessels.Obsenrersaretrained
to recordbiologicaldatafor all phase®f the seiningoperations.Obserer dataformsare
shavn in Appendix 5.

Characteristics of Fishingegsels, Operation and Gear

The Purse-Seining Manual (Berai, 1994), contains detailed informatiogaeding
purse-seines, auxiliary geand operation. Purse-seines are rectangular nets (approxi-
mately 1.6 km long by 200 m deep) constructed of synthetic materials, and can weigh up
to several tons. ¥ssels imolved in the tuna purse-seine fishery are generally 50 to 75
meterdong andcapableof storing400-1,70Qonsof whole,frozentunafor months. Fish
are stored in lgre tanks of brine, belodecks. Most of the more recentlyilb vessels
(after 1970) hee carrying capacities (tuna catch) of 1,000-1,400 torssals require a
crew of 15 to 24 men.

Two or three diesel generators yide paver to start the main engine(s), run the refrig-
eration system, and operate electricibiost boats are equipped with sophisticated-na
gation and communication equipment and short-range fish-finders.

Fishing On Dolphins

Edwardsdescribedishingmethoddeaginningwith thesearch.Fishermemnse25-paver
and/or hand-held binoculars from the bridge or mastdagkS-band “bird-raddrand X-
bandradarto detectcues. A helicopteris usedto searchfor dolphinschoolsandto assess
whether or not a school carriesfatiént tuna to ma& a set. When a dolphin school is
located the seinerapproachesraveling atapproximatelyl5 knots. Dolphinsarereported
to react to theessels from a distance of approximately eight kilometers.

Four to six speedboats (85-140 hp) are used to chase the school, and to separate and
herd a portion of the school to be encircled. The helicopter may also be used to herd ani-
mals during these operations, which is said to last from 20-40 mirutteabbsometimes
take more than tev hours.

The purse-seine net is set with the aid of & sldployed from the net stack at the rear
of the \vessel. The skKifacts as an anchor for one end of the net as the seivesraamy
in a circle, setting the net continuously behind it. Speedboats herd the dolphins into the
closing arc of the purse-seine (dolphins sometimes escape by running across the narro
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ing opening as the net is pulled into a circle, @mdj under the sinking net). Dolphins
tendto gatherin thecenterof thenetasit is pursedatthe bottom. Backdavn, aprocedure

for releasing dolphinsver the net's corkline, s after about tarthirds of the net has
been hauled aboard. A channel is formed atdhsitle of the net and the corkline is sub-
meiged so that the dolphins caxite Speedboats may be used to pull the corkline, thus
keeping the channel from collapsing. @neen enter the ater when necessaryo pull
dolphins @er the corkline. Encirclement tagk approximately 40 minutes, and dolphins
may be confined for about an additional hour (longer if unanticipated problems occur).

Capture Rate

Dividing the numberof dolphinsin the ETP by the numberof setsannuallygivesa sim-
plistic capture rate of eight captures/animal/yedan analysis considering thadt that
tunafishermeractively searctfor, andseton, largerschoolgandbasedntheassumption
that indvidual dolphins choose to remain in schools of a particular size), indicates that
about 10% of the northeastern spotted dolphin stock may be set on as often as once per
week (Perkins and Edwds, 1997). Approximately 30% of the stock may be set on 2-8
times per yearand about 50% of the stock may be set on only once or twice.aMsar
analysis, havever, is complicated by theatt that dolphin herds are not stable entities and
may fluctuate in size as often as on a daily basis.

Behavior
There is some indication that dolphin belba has changed since the early years of the

fishery Some informatichsuggests that dolphins in areas with high historical fishing
effort are more xperienced atwiding chase and encirclement than moreadolphins
in areaswvherefishinghadexpandedmorerecently Fisheryobserershave notedthatdol-
phins apparently anticipate backdobecause tlyemove to the backden channel and
“line-up” for release.

Dolphins hae been obseed being kperactve as well as pasa, when confined in
purse-seine nets. B&al passie behaiors (sleeping, sinking, and rafting)ueabeen
described for dolphins encircled in purse-seine nets, and it has been suggested that such
behaiors mayhave resultedrom stresgNorrisetal., 1978;CoeandStuntz,1980). Scott
noted that dolphin bekor in the nets appears toveachanged\er the years, and that
somebehaiors arenotseenascommonly Thereis anecdotainformationthat“sleeping”
behaior, onthenetbottom,hasbecomeare. Raftingbehaior is still oftenobsered,and
has been suggested to be a learnedvi@hfar avoiding net-entanglement, and has also
been lypothesized to be induced by stress (Coe and Stuntz, 19&8fegen, 1997).
The significance and current pagence of these belars is not fully knevn.

PRACTICAL ASPECTS OF SAMPLE COLLECTION

Scott discussed logistical aspects of sampling apdrenental opportunities for study-
ing ETP dolphins.

1. A study rgarding “evasive behaior” of spotted dolphins as completed by G. Heek Uniersidad
Autonoma Baja California, Baja California, Meo, and has been summarized in the NMii8alNevslet-
ter, November 1997.



CAPTIVE DOLPHINS

Scott suggested that oceanaria or reseadalhties can preide the necessary @ron-
ment to allev comparisons betweengerimental and control animals. Consequently
sophisticatednethodologiesndrapidlaboratoryanalysesnightbe morefeasiblein these
settings, than for ark at sea. Unfortunatelthe only &ailable capite animals are most
often species other than those most commoniyiwed in the fishery (bottlenose dol-
phins, Tursiops truncatuspccasionally We-stranded Atlantic spotted dolphiiss,flonta-
lis).

At the present time, there is one female pantropical spotted dolphin ati@ulf Flor-
ida (captve since 1993), and one male Atlantic spotted dolphin at the Dolphin Research
Center Florida (captre since 1986).

POSTMORTEM SPECIMENS

Therearemary samplesvailablefrom dolphinsthathave beenkilled in thefisheryover
the past twenty-¥e years. The SWFSC has aaicollection of teeth and reprodweti
organs, as well as skin and blubber tissueblg@ 1). In addition, fetuses, stomach con-
tents, adrenal glands, and other tissues lha@en collected.

Scott noted that obsesks could bgin collecting samples, or whole carcasses, if speci-
mens are required from current fishery kills. Approximately 2,500 — 3,000 animals are
now killed peryear(700northeasterspotteddolphins). Not all of thesewill be available
for study but potentially seeral hundred samples per year could be collected. Tdris w
would require both domestic and international permits.

LIVE CAPTURE OF FREE-RANGING DOLPHINS

Free-ranging dolphins ka often safely been captured while riding thevlad a ship
(using a hoopnet or tailgrab). Capture couldvalidood samples, heart rate, ultrasound
information,andtaggingof individualsprior to release.Scottsuggestethata comparison
between spotted dolphins in Waii and those in the ETP might be useful westicate
physical diferences between populations that are set on and those that dperatrece
that type of fishery interaction.

Two successful spotted dolphin purse-seine-tiapture/tagging operations were con-
ducted in 1992 and 1993 to track tuna and dolphins in the ETP (Armstrong, 1993, 1994;
IATTC, 1993). Dolphins encircled by purse-seine nets were caught by swimmers just
prior to backdwn. Investigators were able to capture imdiuals, place them in a raft,
collect blood samples, attach a radio transmiéed release the animal in 7-12 minutes.

It wasalsonotedthatbiopsysamplesreroutinelytaken,usingretrievablebiopsydarts,
on NMFS marinemammalresearcltruises. Suchsamplesnaybeusefulfor determining
cortisol levels in these dolphins (see Research Planning and Appendix 6), as well as for
geneticfatty acid,andisotopeanalyses.In the ETR however, biopsiesarenotalwayseas-
ily taken because mgrschools actiely avoid ships.

STRESS IN MAMMALS

Subsequent to discussion of background information, the concept of stress and our abil-
ity to identify and measure stress in animadswtroduced. Animal stress isfuiflt to
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identify and measure, in part, because there is no single consistent biological response to
stress (Leine, 1985; Mobag, 1987; Sapolsk 1994). There he been, havever, mary
recentadvancement stresgesearch.Specifically mary studieshave contributedto our

ability to measure hormonal interactions and responses to stress (Axlerod and Reisine,
1984; Levine, 1985; Breazile, 1988; Chrousos and Gold, 1992), fhetgfof stress on
suppression of immune functiondgher et al, 1991; Malet al, 1991), and disruption of
reproduction (Mobey, 1991; Rvier and Rvest, 1991). Sesral recent studies @ also
beenableto characterizandquantifythe effectsof pursuitor chaseonanimals(Harlow et

al., 1992; Bleichet al, 1994; Bateson and Bradsh& 997; see Bateson, 1997).

In aneffort to provide aclinical meansof measuringf stressn animals Moberg (1987,
1992) suggested that the most reliable indicator may be the prepathologic state resulting
from thestresstself. Basedn parton Mobeg'swork, Dierauf(1990b)providedaprelim-
inarylist of clinical indicesof stressn marinemammals.Many of theconditionsnotedby
Dierauf (1990b), hwever, were based orvaluations of capte animals.

Three specialists participating in themkshop gve presentations ganized to delin-
eatereliableindicatorsof stresgn thefree-ranginglolphinsinvolvedin the ETPtunafish-
ery. Cavan's presentation, based on hiteasve research of companati pathology
including human, terrestrial and marine mammal studies, discussed the concept of stress
and the potential for measuring stress using animal tissue collected during necropsy
Geracipresentedhformationbasedn his experiencestudyingstressn marinemammals,
andemphasizetheknown clinical indicesof stressn cetaceansFriendpresentedesults
of his research on be¥iaral and plysiological stress in domestic animals and discussed
ways in which his methodologies could be applied to dolphins.

THE MEANING, MECHANISMS, AND CONSEQENCES OF STRESS

Cowan discussed the concept of stress, describing it as the demand for adaptation to a
changing emronment. He noted that stressors, which can be defined g&eaorbation
that threatens an ganism's internal homeostasis, incur bioge&c costs to the indid-
ual. Cavan emphasized that, in some circumstances xtieateand nature of the stress
response can be influenced by the animal's perception of the stressor (i.e. there is a psy-
chological component to stress). In general, modifications oWlmehactivation of the
autonomicnenwoussystemandchangesn the neuroendocringystemmayall beincorpo-
ratedinto thebody'sresponséo stressorgseeMobelg, 1985,1987;Figure2). Thestress
response results in the mobilization of gyethe disruption of long-term processes
(digestion, reproduction, gngh, immune response), diminished sewiitito pain, and a
heightening of the senses (Sapg|sk994).

Thestresgesponseanrangefrom generalizedo acuteor chronic,andmayeventually
become ehaustve. The potential écts, at each of these phases, @y among indi-
viduals. Cwvan &plained that a generalized stress response, resulting in increased le
of cortisolandothercorticosteroidsshouldbeevidentin structuralchangego theadrenal
cortex. An acutestresgesponsenaybe manifestedn autonomiceffectssuchaschanges
in blood pressure and heart rate, antiaifties in refining temperature control (-
ing). A chronic stress response (potentially reaching tred ¢¢ adrenal xhaustion)
involves forgoing costly engetic functions to maintaining basic life processes and can
result in reproducte failure, abnormal greth, and immune suppression.
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Cowanpatrticularlynotedthatthereappeato be morphologicalifferencebetweerthe
relative sizes of the delphinid adrenal cartexd medulla in comparison to other mam-
mals. Themedullais verylargein dolphins,andCowansuggestethis maybea structural
adaptatiorfor respondingo the physiologicaldemand®f the marineernvironment. Com-
paring the weight of the adrenal corte the medulla could shoresponse diérences
between these dolphins and other dolphin populationgeor @her mammals.

Cowan also emphasized that histologicedmination of tissues from stranded animals
and fisheries kills has indicated chronic stress may cause damage to the heart muscle and
vasculature. These ischemic injuries may be caused by longstpasuee to high leels
of adrenalineandcouldprovide anindex or anindicationof fishery-inducedtressn ETP
dolphins (see Gman and Vélker, 1979; Cavanet al.,1986).

Building upontheinformationgivenduring Cowan'spresentationaplanwasdeveloped
for a proposed necropsy sampling program of dolphins killed in the ETP fishieisy
program is discussed in the Research Planning section of this report.

PHYSIOLOGICAL STRESS RESPONSE IN CECEANS

Geraci rgiewed what is knan about stress in cetaceans, presentiagngles of clini-
cal measures of stress foveml species (see Geraci and Maghw973; Geraci and St.
Aubin, 1979; Thompson and Geraci, 1986; St. Aubin and Geraci, 1988; Dierauf, 1990b;
also see Suzuldt al.,1998). Geraci noted that in adapting to a wide range of conditions
in the marine enronment, cetaceans Vedeeloped some possibly unique features in
their ptysiological response to einonmental stressors.

As is commonfor all mammalsthe physiologicalstresgespons®f cetaceansicludes
secretiorof cortisolfrom theadrenakortex to increasdipid andcarbotydratemetabolism
andpromotethebreakdevn of proteins. Cortisolalsoreducegheinflammatoryresponse.
Geraci said that certain biochemical characteristics of the cetacgsinlpbical stress
response appear to f@if from those of other mammalsorFexample, cortisol leels in
cetaceans responding to stress appear to be modest in comparison to other mammals
(Thompson and Geraci, 1986). Aldosterone, which does not characterize the stress
responsén terrestriaimammalsjs releasedrom theadrenakortex asaresponséo stress
in cetaceans.

Geraci emphasized that blood chemistry canigeoclinical indices of chronicxgo-
sureto stresdn cetaceansFor example,blood sodiumconcentrationteducedloodeosi-
nophil concentration, and reduced serum ireelEcan be reliable indicators of stress.
Otherclinical featuresstress|eadingto shock,in cetaceanmayincludehypoperfusiorof
the muscle, lier, and other abdominal gans, intraascular coagulation, tissue necrosis,
and lypoxia.

Geraci commented that rafting obsashin netted dolphins may not be a healibha-
ior. He mentioned that harp sed*\oca goenlandica are knavn to go into catatonia in
initial responséo anovel stressar Geracialsonotedthatbradycardiaandapneaappeato
be associated with fear in some phocid seals and might be a part of the clinical profile of
dolphins afected by the tuna fisheryHe speculated that these dolphins /méath time
andexperienceof beingchasedindcapturedaccommodatandbeableto avoid thattype
of parasympathetic stress response.




Building uponinformationgivenduring Geraci'gpresentationplansweredevelopedfor
a proposed sampling progranvalving repeated chase and capture of dolphvsiwed
in the ETP tuna purse-seine fishefhe program is described in the Research Planning
section of this report.

BEHAVIORAL AND PHYSIOLOGICAL STRESS RESPONSE IN
DOMESTIC ANIMALS

Friend presented a brief history of the study of stress and the stress response. He dis-
cussedselye'q1950)theoryof agenerahdaptatiorsyndromenotingthatthemammalian
body has a similar set of responses to a wadety of stressors. $e emphasized the
role of the adrenal contan releasing cortisol under stressful conditions. According to
Selye's model, after the initial alarm phase, there is a short-term release of cortisol and
after a period of “shockihere may be a @ level of cortisol release. Bend these
phases of the stress response ydreme stressor might lead to an adremxabestion
phase.

Friend also remadd on the psychological component of stress, saying that it can play
an important role in the deee of response and can leaddaation among ingiduals.
In his awvn research, Friend has found that an animal's perception ofgteeds control
it has aver a situation will significantly &ct the stress response (Friend, 1991). In addi-
tion, Friend said that because dolphins are herding anima&d)dilses and cattle, social
separation, such as may occur during chase and encirclement,elyildé stressful to
them.

In discussing his research (Friend, 1991; Friethal., 1988, 1996; Lanieet al.,1995),
Friend underscored the importance of gnéting knevledge obtained from studying ter-
restrial mammals into studies of dolphingdlved in the ETP fisheryFriend discussed
several studies in which domestic animals were separated and maintained in a number of
ways,andthe differenceghatwereseenin physiologicalresponsefo separatiorandcon-
finement. Friendoutlinedthe methodshe hasusedto measurghysiologicalresponseto
stress in domestic animals including analysis of blood samples for circulating hormone
levels (particularly cortisol) and immunological componeman@nation of adrenal
gland function and morphologg«amination of tigroid gland function, and monitoring
heartrates. Friendconcludedhatthesemeasuresvould likely prove usefulin dolphinsif
the practical problems of measurement couldvazcmme.

RESEARCH PLANNING

After initial presentatiof backgroundnaterialandrelevantinformationon physiolog-
ical stress in cetaceans, participants focused on discussing potential research projects that
could address the question of whether fishery-induced stress mayirg dngignificant
adwerse impact on dolphins in the ETPhese discussions led to agreement that three
types of ivestications may preide useful data: 1) a Necropsy Programxanaine tis-
sues from dolphins killed during fishing operations, 2) a Repeated Chase/Capture study
designed to analyze blood chemistry of samples collected frerddiphins during a
regime of repeated chase and encirclement, 3) Historical Anakesisieing specimens
and data praously collected from dolphinswoelved in the tuna purse-seine fisheifyjhe
proposed programs are described in generahbelo
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NECROPSY PROGRAM

Objectves

The necropsy program proposesvaleate the pathopBiological condition of post-
mortemspecimensExaminatiorof deaddolphinswill provide theopportunityto look for
morphological indications of pisiological stress. Information from post-mortem speci-
mens will also preide insight into the natural states of health and disease for these popu-
lations of dolphins in the ETP

Careful collection andx@mination of post-mortem specimens will allbistological
obsenration of sublethal écts of fisheries astities on the heart and heart muscle, adre-
nal glands, thevVer and other major gans. The time sequence of injuriowsm®s is
important and histologicalv&lence of healing, if present, could pide some indication
whether obsemrd lesions are seral days old or he occurredwen more recently

Relatively freshbloodsamplesanbeobtainedrom post-mortenspecimenso perform
complete blood panels, immunological analyses and cell tissue culturesljée@ Tor
some established “normal ranges” in selected blabaeg for bottlenose dolphins).
While information from these analyses may bédlift to interpret, the will at least pro-
vide some baseline information for the population.

It is possible that recent estimategameling frequeng of purse-seine capture per indi-
vidual dolphin (Perkins and Edsds, 1997) can be incorporated into data analyses to
arrive at a better understanding of potentifd¢&s of capture on the population. Estimat-
ing the ages of indiduals (Myricket al, 1983) will be useful for this purpose as well as
for use as general life history data.

Sample Collection

The types of samples proposed for collection are indicateahle B. Specimens will
have to be collected in a rigorous and systematic manner that is not possible farduna v
selobserersundercurrentcircumstancegalthoughcertainobserer-collectedspecimens
may be used to augment specimens collected for the necropsy program). It will be neces-
saryto havetrainedtechnician®r graduatestudentsith somebackgroundor programof
study in pathology to collect samples from specimens.ofitimize the amount of infor-
mation gthered from ansingle animal, multiple samples must be collected and the pro-
cedures could takmalry hours for a single postmortem specimen.

Cowan emphasized that weighing algans preides \aluable information. In particu-
lar theadrenalglandweightcouldbevery important. Microanatomicakxaminationof all
organs is essential, and as notedvmasly, the heart in particular may ide critical
information.

Jensen noted the importance o¥ihg baseline information on the natural states of
healthanddiseasen thesedolphinpopulations.Collectedspecimenshouldalsobeused
to provide an @erall health assessment. Such information is necessary feinderon-
clusionsregardingthe effectsof stressontheanimals. Worthy agreecandaddedthatdata
onbodycompositiorandblubberdepthwill be usefulfor assessinthegenerahealthand
nutritional condition of these dolphins.

Czekala added thakxamination of gonadal tissues can\pde basic life history and
health information, as well as, indications of compensation for stress.
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Palmer presented a method for detecting corticosteregldén cetacean blubber sam-
ples(Appendix6) asa meansof investicatingthe stresgesponsén theseanimals. Geraci
indicated that it wuld be best to obtain baseline information on all steroids in cetacean
blubber Friend agreed and suggested thabiil be interesting to look at Wwaall the
steroidsinteractsimultaneously Becausave do notknow the dynamicsof steroidsin the
blubber Caovan suggested that itould be useful to assess the metabolic tvenoate by
using an rogenous (labeled) steroid in a captdolphin and measuring flikion time.
Worthy noted that it will also be necessary to wnehat blubber layer lipids va been
extracted from, and the anatomical position from which blublzer sampled.

Curry commented that the chase may be a significant part of the stress on these dol-
phins,andthatthelengthof thechasemaybeafactorin thestressesponse Geracinoted
that there may also be a psychological aspect of the cHastraf the stress response,
and that gerheated, wer exerted muscle does not heal well. Muscle fiber typing, testing
for lacticacidandcreatinekinaselevels,andmeasuringplood gasesnay beimportantfor
assessment of theglee and décts of muscle and respiratoryegtion.

A detailed planning report containing information on major coursesesiigation
proposed to quantify thefetts of stress in dolphins, necropsy procedures, sampling pro-
tocols, and stratges for accommodating logistical constraints will beilable as the
necropsy research is implemented.

REPEAED CHASE/CAPTURE STUW

Objectves

Therepeateahase/capturstudyproposedo provide anaccuratedocumentatiorof the
physiological response to incrementaldés of speedboat chase and purse-seine capture
using analysis of blood constituents for samples collected fr@ndblphins that hee
beensubjectedo theseevents. A seriesof measurementsf completebloodpaneldroma
subset of captured dolphins can be used to quantify finetbf repeated chase and cap-
ture, and may ge an indication of the trend of responses among a number atiunals
with repeatedkxposureovertime. In addition,repeatecgamplingwill provide a profile of
the range of possible conditions among these animals.

The idea that dolphins could be captured and maintained igeadaa-pen as intro-
duced. This type of temporary cafitty would allov the collection and analysis of blood
sampledo examinechangesn bloodconstituent®vertime, but would not mimic the con-
ditions of repeated chase and capture. In addition, blood sampling of dolphins in the
purse-seine net will prvade an opportunity to collect blood from both rafting and non-
rafting dolphins.

Purse-seine capture will malt possible to study ETP dolphins whileyttsre being
affected, and toxamine short-term responses. General protocols will belajged such
thatdolphinsencircledin atunapurse-sein@etwill beheldby swimmersplacedin araft
for sample collection, roto-tagged and some will be fitted with a radio-transnhitber
dling would most lilkely occur just prior to backeon (after haing been chased for
approximately20 minutesandhaving spentaboutonehourencircledby thenet). Thedol-
phins would then be released and feWed (with the aid of radio-transmitters), and recap-
tured after a period of one or more days.
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Geraci noted that blood analysis is adtageous because biochemical changes to the
body almost atays precede morphological changes. Hedghe @ample that a blood
screen for creatine kinase might indicate anagtxl leel as gidence of some muscle
leakage and possibly muscle damage. Blood samples can also be used to indicate the
range of ogans affected (see Jain, 1993). In addition, a fresh blood sample cadero
immunological data. Czekala suggested that blood samples will be useful for assessing
female reproducie status. Blood samples can be used to detegnamey, and poten-
tially couldshaw effectsof chaseon hormondevelsof pregnantfemalegor couldprovide
evidence of abortion during chase or encirclement).

During discussions of the potential for a chase and capture operation, Geratethb
predictedchangeshatmightoccurin somebloodvaluesfor dolphinsrepeatedlycaptured
over time (Bble 4).

Geraci also stated that there is enoughktimg data on normal ranges of baseline ceta-
ceanbloodvalues for reasonableomparisongseeTable2; seealsoMedway andGeraci,
1964,1965;Engelhardt1979;GeraciandSt Aubin, 1979;Asperetal., 1990;Bossartand
Dierauf, 1990; Suzulet al.,1998).

Sample Collection

Upon initial capture, a blood sample will be collected and th&iohakl will be roto-
taggedor identification. A sub-sebf individualswill befitted with aradio-transmitteso
that mawement and #ing patterns can be monitored. Blood samples (approximately 50
cc) will be collected for each of the roto-tagged dolphins, as is possible. Blood samples
can quickly and easily be collected byperienced personnel. Dolphins will be released
and, as possible, recaptured up to four times. Sampling and tagging is anticipated to tak
approximately 10 minutes per ingiual.

Terminal SamplingOnedifficulty with designingexperimentabrocedure$o examinethe
physiological stress response in ETP dolphin species, is the lack of acatigicontrol
groupfor comparisorof potentiallystresse@dndnon-stressethdividuals. Thereis notan
unafected,controlpopulationfor comparisonsDuringtheworkshop severalparticipants
agreed that terminal sampling of imdiuals during diferent stages of a repeated chase
and capture studyould provide controls for making definite conclusiongasding the
effects of the purse-seine operations. Although intentionally killingyiddal dolphins
would likely provide definitve control samples, itas not considered to be an acceptable
option and wvas not be considered further

Blood. Collectionof bloodsampleswill allow analysisof completepanelgincludingstan-
dardblood chemistry hormonalmeasurementsiematologicaparametersfor all animals
possible (seedble 2). In addition, current cell culture techniques mayvaliseful mea-
surement®f immunefunctionanddiseaseesistancelf possibleploodgaseswill alsobe
measured as an indication of théeefs, if ary, of forced &ercise.

Other Ptential Samples and Measuments\Workshop participants suggested additional
measurements that may prde useful data garding the dects of chase and encircle-
ment on dolphins. These included monitoring heart rate and completing electrocardio-
gramsfor assessmemf generakardiacresponséo chasegcapture andhandling. Worthy
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noted that assessment of body temperature such as rectal temperature gradient and blub-
ber/muscle temperature gradientsuld be useful means ok@mining responses to cap-
ture actvities.

As measures of general health statugeisg samples and measurements may be feasi-
ble. Culture sabs for microbiological studies (bacteria and viruses) can easily ére tak
from the blavhole, ges, genital area, rectum, and/desions present (Geraci and
Lounshury, 1993; Carter and Cole, 1990). Ultrasonic measurements can be used to mea-
sure blubber layer thickness as an mdebody condition and to assessgnang.

Logistics

Previous capture operationsveaprozided insight as to the type oéssels, personnel
and equipment that will be needed. Exteagire-cruise practice and testing of research
procedures, in addition to prioritizing sample collection, will invareficiency of the
investication. Only ery preliminary logistical requirements are outlined belo

Tagging and capture operations will require the use of a purse-esised 8o that cap-
tures tak place under similar conditions to those of the fishelse of a researclessel
will allow tracking, laboratory wk, data analysis, housing of personnel, etc. In addition
to transit time, approximately 30 days of ship time during calm seas will be required.

Scientific personnel will include a minimum of the feliag: One or moreeterinari-
ans gtensvely experienced with the capture, care and handling of marine mamreéls (v
erinary technicians may also be needed), scientipesrienced with {ie-capture
operations (particularly with capture by purse-seine of these dolphins in the ETP), scien-
tistsexperiencedvith radio/satelliteracking,andmarinemammalobsenrersexperienced
in sighting and identifying dolphins with highywered binoculars.

Specific types of equipment for animal health assessment (electrocardiograph, ultra-
sound, etc.) will be required in addition to some shipboard analytical and storage equip-
ment. Undenater video equipment will be used for recording and olsiens of
dolphin behwior in the net.

ANALYSIS OF HISORICAL SPECIMENS AND [ATA

Workshop participants discussed the scientidicie of the numerous specimens col-
lected from dolphins killed in the ETP tuna purse-seine fishery g#de T). Mawg of
these samples ba already beenxamined, and he been used towesticate the biology
of the populations wolved in the fishery (Appendix 7)ubthese samples may also be
valuable for stress-related studies comparing past and present aspects of biology and pop-
ulation status for these animals.

Geraci suggested that the structure of adrenal gland specimens akaadyeel
(Myrick and Perkins, 1995) should be xamined and compared towlg collected spec-
imens.

Any existing blood samples, including those collected by Scott and colleagues (see
IATTC, 1993) should also be seamined by the same laboratory(s) analyzing samples
collectedin thenecropsyprogramandrepeatedhase/capturstudy Geracinotedthatfor
comparing blood panels, collection (mode of preston) and laboratory methods must
betakeninto account. Mostclinical laboratoriesestablisitheir own rangef normalval-
ues, and it is best to V®internal standards and use control samples.
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SUMMARY

Extensve discussion®f workshopparticipantded to the developmenif threetypesof
biologicalstudiego investigatethe potentialfor fisheries-inducedtressaffectingdolphins
intheETP Theseanvestigationsinclude: 1) aNecropsyProgranto examinetissuefrom
dolphinskilled duringfishingoperations?) aRepeatedhase/Capturstudydesignedo
analyze blood chemistry of samples collected framm diolphins during a ggme of
repeated chase and encirclement, and 3) Historical Anakasisi@ng adrenal gland,
blood,andpotentially life historyspecimensnddatapreviously collectedfrom dolphins
involved in the tuna purse-seine fishery
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Table 1: Reproductie ogans (and/or reprodugg data), teeth, and skin/blubber samples
collectedn theETPtunapurse-seinfisheryfrom 1971-1994andarchvedatthe SWFSC.
Columns represent number of imdiuals. Similar tissue and/or data avaitable, in
significantly fever numbers, for sen other cetacean species killed in the fishery

Species or Stock Reproductive Organg/Data | Teeth | Skin/Blubber
Males Females
Pantropical spotted dolphin 5,903 9,447| 18,166 459
Eastern spinner dolphin 1,899 2,027| 4,633 92
Whitebelly spinner dolphin 1,892 2,036| 4,488 58
Common dolphin 971 1,033| 2095 11
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Table 2: Some published hematological and serum chemisiyeg for the cetacean

species most commonly studied in ceipfi the bottlenose dolphiifrsiops truncatus

This information vas modified from Bossart and Dierauf (1990) who compiled it in an
attempt to preide an indication of normal ranges of blood parameters in cetaceans based
on data published by Englehardt (1979) and Aspat. (1990).

Parameter Unit Range
Erythrocytes (N = 136)
Red blood cells 10°/mm3 2.9-54
Hematicrit % 36.2-51.0
Hemoglobin g/dl 12.7-18.1
Mean corpuscularalume fl 101-143
Mean corpuscular hemoglobjn pg 34-50
Mean corpuscular hemoglobin concentratjon g/dl 30-38
Leukocytes (N = 152)
White blood cells 103/mmB 4.1-10.8
Neutrophils % 53-62
Lymphogtes % 15-28
Monogytes % 0-8
Basophils % 0-3
Eosinophils % 7-37
Basophils % 0-3
Eosinophils % 7-37
Electrolytes (N = 80)
Sodium mEq/I 141-168
Potassium mEq/I 3.5-5.7
Chloride mEq/I 100-128
Calcium mg/dI 7.7-9.7
Phosphorug mg/dl 4.1-7.8
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Table 2: Some published hematological and serum chemisiyeg for the cetacean

species most commonly studied in ceipgi the bottlenose dolphiijrsiops truncatus

This information vas modified from Bossart and Dierauf (1990) who compiled it in an
attempt to preide an indication of normal ranges of blood parameters in cetaceans based
on data published by Englehardt (1979) and Aspat. (1990).

Parameter Unit Range
[ron ug/dl 110-175 (M)
143-220 (F)

Glucose and lipids (N = 118)

Glucose mg/dI 87-150
Cholesterol mg/dl 87-380
Triglycerides mg/dI 77-157

Liver, muscle, kidney enzymes (N = 111)

Creatine kinase U/l 14-486
BUN mg/dl 31-73
Creatinine mg/dl 1.1-2.5
Uric acid mg/dI 0.0-1.8
Alkaline phosphatase U/l 123-1050
Lactate depdrogenass U/l 159-1393
Liver Enzymes and bilirubin (N = 82)
Total bilirubin mg/dl 0.0-0.1
Aspartate aminotransferase U/l 48-250
Alanine aminotransferase U/l 8-47
Proteins (N = 80)
Total protein g/dl 6.2-8.3
Albumin g/dl 2.8-5.6
Glohulin g/dl 1.1-3.9
Hormones! (N = 72)
CortisoP ug/dl 8.5-24.2
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Table 2: Some published hematological and serum chemisiyeg for the cetacean

species most commonly studied in ceipgi the bottlenose dolphiifrsiops truncatus

This information vas modified from Bossart and Dierauf (1990) who compiled it in an
attempt to preide an indication of normal ranges of blood parameters in cetaceans based
on data published by Englehardt (1979) and Aspat. (1990).

Parameter Unit Range
Aldosterone pg/mi 3-408
Triiodothyronine (T3), total ng/dl 81-258
Thyroxine (T4), total ug/dl 8.5-24.2

1. St. Aubinet al, 1996, measured circulating/tds of ttyroid and adrenal hormones in 72 free-ranging
and captie bottlenose dolphins. Theompared hormonevels by s& and status, and found significant
differencesn thefollowing: cortisol(status)aldosterondstatus)total T4 (se, status)total T3 (sex). The
authors concluded that tifences in leels of adrenal hormones between wild and semi-domesticated dol-
phins were indicate of a mild stress response.

2. Suzukiet al.;1998 reported Mels of circulating cortisol for 15 cetacean species. Radio Immuno Assay
(RIA) wasusedto measureserumcortisolconcentrationfor 230 captive bottlenosalolphins(ng/ml, 11.0+
9.2,r=1.8-20.2).
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APPENDIX 1
LIST OF FARTICIPANTS

NMFS WORKSHOP O INVESTIGATE THE PO ENTIAL
INFLUENCE OF FISHER-INDUCED STRESS ON ETP DOLPHINS

Southwest Fisheries Science Center
La Jolla, California

NMFES SCIENTISTS

Robert Bravnell, Ph.D.

Southwest Fisheries Science Center
P. 0. Box 271

La Jolla, CA 92038-0721

Phone: (619) 546-7165

FAX: (619) 546-5653

email: brownell@caliban.ucsd.edu

Barbara CurryPh.D.

Southwest Fisheries Science Center
P. O. Box 271

La Jolla, CA 92038-0721

Phone: (619) 546-7094

FAX: (619) 546-5653

email: bcurry@caliban.ucsd.edu

Elizabeth Edwrds, Ph.D.

Southwest Fisheries Science Center
P.O. Box 271

La Jolla, CA 92038-0721

Phone: (619) 546-7099

FAX: (619) 546-5653

email: liz@caliban.ucsd.edu

Tim Gerrodette, Ph.D.

Southwest Fisheries Science Center
P. 0. Box 271

La Jolla, CA 92038-0721

Phone: (619) 546-7131

FAX: (619) 546-5653

email: timg@caliban.ucsd.edu

IATTC SCIENTISTS

Martin Hall, Ph.D.
InterAmerican Topical Tuna Commission
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8604 La Jolla Shores Dr

La Jolla, CA 92037

Phone: (619) 546-7044

FAX: (619) 546-7133
email: mhall@iattc.ucsd.edu

Michael Scott, Ph.D.

InterAmerican Topical Tuna Commission
8604 La Jolla Shores Dr

La Jolla, CA 92037

Phone: (619) 546-7045

FAX: (619) 546-7133

email: mscott@iattc.ucsd.edu

OTHER INVITED FPARTICIPANTS

Nang Czekala

Zoological Society of San Dge

PO. Box 551

San Digo, CA 92112

Phone: (619) 557-3942

email: czekala@sunstreksdsu.edu

Daniel Cavan, M.D.

University of Texas Medical Branch
Old John Sealy Bldg., 5.194
Galveston, TX 77551

Phone: (409) 772-7220

FAX: (409) 772-9671

email: dcovan@utmbedu

Ted Friend, Ph.D.

Texas A&M University

Kleiberg Center

College Station, TX 77843
Phone: (409) 845-5265
FAX: (409) 845-5292
email: T _Friend@tamu.edu

Joseph Geraci, D.M.

National Aquarium in Baltimore
501 E. Pratt St.

Baltimore, MD 21202

Phone: (410) 576-3850

FAX: (410) 576-1080
email: jgeraci@aqua.gr
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Eric Jensen, D.WM.

Naval Research and Delopment
Code 514B

San Digo, CA 92152

Phone: (619) 553-2863
email: jensene@nosc.ugmil

Jim Ralmer

University of Havaii at Manoa

1000 Pope Rd., MSB 307

Honolulu, HI 96822

Phone: (808) 956-5292

FAX: (808) 956-9225

email: palmer@iniki.soest.lveaii.edu

Graham Vérthy, Ph.D.

Physiological Ecology and Bioengetics Laboratory
Texas A&M University

5001 Arenue U, Suite 105

Galweston, TX 77551

Phone: (409) 740-4721

FAX: (409) 740-4905

email: worthyg@arctic.tamug.tamu.edu

ADDITIONAL RESEARCH CONSUIANTS

Gary Mobeg, Ph.D.
University of California, Dais
Davis, CA 95616

Teri Rowles, Ph.D., D.WM.
NMFS

1315 East-Wst Highvay
Silver Spring, MD 20910

David St. Aubin, D.\VM.
Mystic Marine Life Aquarium
55 Coo@n Blvd.

Mystic, CT 06355
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APPENDIX 2
REVISED AGENDA

NMFS WORKSHOP D INVESTIGATE THE INFLUENCE
OF FISHER/-INDUCED STRESS ON ETP DOLPHINS

Southwest Fisheries Science Center
La Jolla, California

Thursday, July 10, 1997 (8:30 a.m. - 5:00 p.m.)

INTRODUCTION

Who we are, whwe are here, what we will do, product anticipated

. INFORMATION PRESENATION

ETP Fishery/Dolphin Information (Edwds)

ETP Dolphin Population Dynamics (Gerrodette)

Practical Aspects of Sample Collection (Scott)

Meaning and Measurement of Stressw@n)

Physiological Responses to Stress in Dolphins (Geraci)
Corticosteroid Detection in Cetacean Blood and Blubber Sam@é&séb

Physiological Responses to Stress in Domestic and OthgelMammals
(Friend)

Friday, July 11, 1997 (8:30 a.m. - 5:00 p.m.)
[ll. QUESTIONS LIST

Stressors and responses

Factors decting stress responses
Sampling (measuring) stress responses
Previous/proposed ark

IV.WORKSHOP SUMMAR
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APPENDIX 3

SWFSC REPORS RELATED TO STRESS IN ETP DOLPHINS

Cowan, D.F and WA. Walker. 1979. Diseasattors inStenella attenuatandS.
longirostristaken in the eastern tropicahéific yellovfin tuna purse-seine fishery
Southwest Fisheries Center Admin. Rept. LJ-79-32C. 20 p.

Stunz, WE. and TB. Shay 1979. Report on capture stressrkghop. Southwest
Fisheries Center Admin. Rept. LJ-79-28. 24 p.

Coe, J.M. and VE. Stunz. 1980.4d%sve behaior by the spotted dolphirgtenella
attenuata in tuna purse seine nets. Fish. Bull. 78(2):535-537.

Myrick. A. 1995. Documentation of progress of stress research projects for future
reference. Southwest Fisheries Science Center Admin. Rept. LJ-95-01. 14 p.

Myrick. A. and RC. Perkins. 1995. Adrenocortical color darkness and correlates as
indicators of continuous acute premortem stress in chased and purse-seine captured
male dolphins. &hoplysiology 87. 14 p.

Perkins, EC. and E. FEdwards. 1997. Capture rate as a function of school size in
offshorespotteddolphinsin the easterrropical Pacific Ocean. SouthwestEisheries
Science Center Admin. Rept. LJ-97-03. 36 p.
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APPENDIX 6
Corticosteroid Detection in Cetacean Blood and Blubber Samples

Jim Ralmer
University of Havaii at Manoa

Analysisof stressn cetaceanby determiningcorticosteroidevelsin smallbiopsysam-
plesis concevable. Corticosteroidsareinvolvedin thecomple stresgesponsef all ver-
tebrates to both osmotic (mineralocorticoid-mediated) and stress (glucocorticoid-
mediated) challenges. Since tivelationary history of cetaceans includes the unique
osmotic challenge ofwelution back to the marine einonment, and dferent amilies of
vertebrates utilize dérent major corticosteroids in the stress response, tresenetva-
tion to develop a method which euld detect all corticosteroids in a single assay

The separation of allertebrate corticosteroids (2lyroxylated 4—prgen series):
Aldosterone, 18-OH-corticosterone, 18-OH-11-deoxycorticosterone, corticosterone, 11-
deoxycorticosterone, cortisone, cortisol, 11-deoxycortisol, and their immediate precur-
sors, 17-gdroxyprogesterone and progesterone by a mode of capillary electrophoresis
known as electrokinetic chromatograpfEKC) was achieed. This assay is complete in
lessthantwenty minutesandhasa biologicallimit of detectionof lessthan1 ng/mlusing
concentrated samples. In addition, the technique separates corticosteroids according to
gross structure, allang the potential for detection of wel corticosteroids

Precise rtraction of all corticosteroids from comglsample matrices such as blubber
requiresadiscerningnethod asbothcorticosteroidandpotentiallipid interferencespan
a wide range of polarities. A preliminary seht-extraction gves recgeries between 50-
90% for authentic steroids spitt in clean serum samples. The lipid content in Mysticeti
samples (blood or blubber) meskthem more challenging tgteact than Odontoceti. A
methanol precipitation is necessary for analysis of high lipid serum, blood lysate, and
blubber samples. Reeeries for authentic steroids spikinto blubber samples with the
methanol precipitation step are moggiable, probably due to compartmentalization of
the steroids in thexéracted lipids.

ExtractedTursiops truncatuserum indicates cortisolag predominant in the animal
sampled, with the presence of aldosterone and an unidentified compound with electro-
phoretic characteristics k11— deoxycorticosterone and lyfifoxyprogesterone.

Megapteil novaeangliag BalaenamysticetusDelphinapterudeucasand other samples

are compared. alidation and precise quantification requires optimization ofxttra@

tion process and analysis of samples from stressed and unstressed cetaceans. This tech-
nique may be deloped into a smalletume biopsy (100ul) analysis to prde insight

into corticosteroid eels of wild cetaceans.
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APPENDIX 7
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